Introduction
Patients with adolescent idiopathic scoliosis (AIS) often present with characteristic appearance including shoulder imbalance, waist line asymmetry, rib hump, and a prominent trunk shift. Cosmesis for the adolescent patient is an important factor for self-confidence, as studies have shown evidence of psychological distress in this population due to cosmetic concerns [1] [2] [3] [4] .
Of these cosmetic parameters, shoulder imbalance is easily noticed by the patient especially when viewed faceon in a mirror. Previous studies [5, 6] have shown that there is weak correlation between radiographic parameters and posterior clinical shoulder balance (Sh.B), and the principles of deformity correction involve consideration of not only the correction of radiographic measures but also that of clinical appearance. As an example, correction of only radiographic parameters in Lenke 2 curves may lead to a decompensated shoulder imbalance if the clinical appearance is not considered in surgical planning [7] [8] [9] . Anterior Sh.B may be more clinically relevant to the patient's selfperception, although no study to date has evaluated if the commonly evaluated posterior Sh.B or radiographic parameters are reliable indicators of anterior Sh.B. In this study, we evaluated the anterior Sh.B and correlated it with posterior Sh.B clinically and radiographically in Lenke type 1 and 2 curves. The first purpose of this study is to evaluate the correlation between anterior and posterior clinical shoulder balance in AIS. The second purpose is to evaluate how well radiographic measures of shoulder balance predict clinical anterior shoulder balance in AIS.
Materials and methods
A retrospective review of surgical AIS cases was performed from a prospective online scoliosis database (Scolisoft). The database was queried with the following criteria: Adolescent idiopathic scoliosis, Lenke 1 and 2 curves. The query of the database returned 74 AIS patients with Lenke 1 (n = 55, age 15.28 ± 3.35) and 2 (n = 19, age 15.66 ± 3.72) curves with a complete set of posteroanterior (PA) radiographs, and clinical photographs of anterior and posterior views.
For each case, radiographic measures and clinical measures were evaluated for analysis. Two independent observers not involved in data analysis made all radiographic and clinical measures. Radiographic measures for Sh.B included proximal thoracic (PT) Cobb angle, main thoracic (MT) Cobb angle, T1 tilt, first rib angle (FRA), and clavicle-rib intersection angle (CRIA) (Fig. 1) . Main thoracic Cobb angle, T1 tilt, and FRA were previously described measures by Bago et al. and Qiu et al. [5, 10] . T1 tilt is the angle between the line through the superior endplate of T1 and a horizontal line. In all measurements in this study, a positive value indicated a higher right side compared with the left. First rib angle is the angle between the line through the superior borders of the first ribs and a horizontal line. Clavicle rib intersection angle in this study is derived from previously described clavicle-rib cage intersection distance [10] , modified to be measured as an angle to keep consistency from multicenter contribution of photographs. Herein, it is the angle between the line through the intersections of the clavicle and first ribs and the horizontal line. Clinical measures for Sh.B included inner shoulder angle (ISA), outer shoulder angle (OSA), and axillary fold angle (AFA) as viewed from anterior and posterior (Fig. 2) . Outer shoulder angle is derived from previously described shoulder angle [5, 11] , which is the angle between a line drawn through the superior aspect of each acromion and the horizontal line. Inner shoulder angle is defined as the angle between a line drawn through two points on the shoulder at which an initial line that approximates the slope of the distal shoulder intersects the trapezius and the horizontal line. Regression analysis with Pearson's correlation was used to evaluate relationships between all measures. ANOVA was used to evaluate for statistical significance (P \ 0.05).
Results
All descriptive statistics for clinical and radiographic measures are shown in Table 1 . For Lenke 1 curves, there was statistically significant moderate correlation between all anterior and posterior clinical Sh.B measurements (ISA: R = 0.41, P = 2.0 9 10 -3 ; OSA: R = 0.42, P = 0.02; AFA: R = 0.35, P = 0.01). For Lenke 2 curves, there was weak to moderate correlation between anterior and posterior clinical Sh.B measurements (ISA: R = 0.45, P = 0.06; OSA: R = 0.25, P = 0.29; AFA: R = 0.43, P = 0.07), with a trend towards significance in only in ISA and AFA (Table 2) . Overall, there was only weak to moderate 
Discussion
Shoulder balance is an important aspect of overall cosmetic balance in patients with AIS. Factors that contribute to the clinical aspects of shoulder deformity are not thoroughly understood. Attempts to evaluate shoulder balance via radiographic parameters are met with significant challenges due to generally less than moderate correlation between radiographic and clinical parameters [5] . Clinicians often focus on the appearance of the shoulders when viewed posteriorly, although patients may focus on anterior shoulder balance. This may even be more of an issue in countries where clinicians do not clinically examine the patients from the anterior aspect for patient modesty. Weak to moderate, though statistically significant, correlation was observed between anterior and posterior clinical measures only in Lenke 1 curves. There was no statistically significant correlation between posterior and anterior clinical measures in Lenke type 2 curves. These observations suggest that the perceived shoulder asymmetry viewed posteriorly cannot accurately predict that seen anteriorly in Lenke 2 curves. Previous studies have shown the difficulty of achieving balanced shoulders in Lenke type 2 curves due to the variability of the direction of shoulder imbalance, and specific instrumentation strategies have been proposed based on the direction of the shoulder imbalance in relation to the T1 tilt and main thoracic curve to achieve level shoulders to accommodate this issue [12] . Anterior shoulder balance should be evaluated as a separate component in the surgeon's consideration of patient's overall deformity, especially in Lenke type 2 curves.
None . This is possibly due to the fact that Bago's study did not include measurements of soft tissues. The lower correlation values in our study could be attributable to the methods of using angular measurements rather than height measurements, although this did not affect statistical significance. Our Naturally for patients and the clinician, an important objective is to finish with balanced shoulders after the surgery. This study has therefore some surgical implications. From the patient's perception, anterior shoulder balance seems to be logically the most important goal to achieve. Therefore, clinicians should focus on how to rebalance the shoulders irrespective of how the curve was classified in Lenke classification. In simple right thoracic curves, if the right shoulder is higher than the left from the anterior aspect, correction of the main thoracic curve should suffice. If the shoulders are level from the anterior aspect, care should be taken not to create a left shoulder elevation with too aggressive correction of the main thoracic curve. In the double thoracic curve, if the right shoulder is higher from the anterior aspect, it is in most cases not necessary to include the more proximal left thoracic curve irrespective of Lenke criteria. If the left shoulder is even or higher as seen from the front, the upper thoracic curve should be addressed and the correction should focus more on the upper thoracic curve than the main thoracic curve. Scoliosis correction is an art and starts with a thorough examination of the patient as seen from the posterior and also the anterior aspect.
Conclusions
This is the first study that compared anterior and posterior Sh.B in AIS. Due to the lack of a strong correlation between clinical findings and X-ray parameters, surgeons should not only rely on the latter to evaluate Sh.B in Lenke 1 and 2 curves, but also on the clinical anterior and posterior examination. The Lenke classification and its implications on shoulder balance do not stand in view of this study comparing anterior and posterior shoulder balance and should be further investigated. In double major thoracic curves, the anterior shoulder balance may be a more reliable clinical measure of structural deformity and also correlate better with radiographic parameters.
